Objectives. The purpose of this study was to estimate the degree of obesity misclassification between body mass index (BMI) and body fat percentage in adults with functional mobility impairment, and to determine cardiometabolic risk profiles.
Introduction
Obesity is an established predictor of insulin resistance, glucose intolerance, hyperglycemia, hypercholesterolemia, and hypertension. Left untreated, this combination of pathophysiologic factors precipitates significantly increased risk for early all-cause mortality (Despres and Lemieux, 2006; Kuk et al., 2006; Neter et al., 2011) . Though clearly disturbing, these statistics fail to account for individuals with chronic or congenital physical disabilities-a sub-population in which overweight and obesity prevalence are significantly higher (Bandini et al., 2005 ; K. I. Lim et al., 2010; S. Lim et al., 2010; Neter et al., 2011; Rimmer and Wang, 2005; Weil et al., 2002; Weinheimer et al., 2010) . Considering that individuals with disabilities are often excluded from public health surveillance, and moreover that the criterion for obesity using body mass index (BMI) may be a poor indicator of risk, these data inevitably underestimate the actual negative health implications specific to these populations.
Nearly all research related to the influence of obesity as a contributing factor for, or consequence of functional impairment, has been conducted among the general elderly population (Batsis et al., 2013; Delmonico et al., 2009; Goodpaster et al., 2000 Goodpaster et al., , 2001 Visser et al., 2005; Woo et al., 2007) . From a clinical perspective, there is an increasing interest in understanding disparate declines in functional capacity and changes in body composition, as a way to explain the health risks of disease, lifestyle and/or aging. As is frequently reported in the geriatrics and gerontology literature (Goodpaster et al., 2001) , if muscle strength deteriorates at a greater rate or to a larger extent than skeletal muscle mass, muscle quality is significantly diminished, placing individuals at heightened risk of gross motor functional decline, falls, and early mortality (Pijnappels et al., 2008; Ruiz et al., 2008) . However, it is also well established that among older adults, weakness is paralleled with increases in (Schrager et al., 2007) ; the confluence of which represents a predictor for subsequent declines in muscle quality (Delmonico et al., 2009; Goodpaster et al., 2001) and cardiometabolic disease (S. Lim et al., 2010) .
It is conceivable that adults with chronic motor disabilities are at a substantially increased risk for cardiometabolic abnormalities (Peterson et al., 2013) . Although BMI is a valid metric for stratifying the population into different risk categories, it does not discriminate adipose tissue and muscle, and lacks sensitivity to identify non-obese individuals with excess body fat (Okorodudu et al., 2010) . Previous studies have focused on validating measurement strategies to predict body fat distribution among patients with mobility impairments; however, many individuals with chronic disabilities have altered growth and distribution of adiposity, as well as premature musculoskeletal deterioration. As a result, such individuals may likely have a "normal" BMI, and yet still have excessive body fat or high risk for cardiometabolic abnormalities (Romero-Corral et al., 2010) .
Therefore, the purpose of this study was to estimate the degree of obesity classification discrepancy among a nationally representative sample of adults with chronic motor impairments, and to assess the sensitivity and specificity of various BMI thresholds to detect obesity by percent body fat. Although obesity prevalence disparities have been linked to disabilities in older adults (Al Snih et al., 2010) , there is no research to date that has exclusively examined these issues across a larger spectrum of ages. As a secondary objective, we sought to compare the cardiometabolic risk profiles among persons with and without functional mobility impairments.
Methods

Study design and sample
The National Health and Nutrition Examination Survey (NHANES) 2003/ 2004 and 2005/2006 surveys and data were specifically chosen based on the availability of relevant information pertaining to physical disabilities, anthropometrics, body composition, objective physical activity counts, and markers of cardiometabolic health. Of the 8034 participants who were 20 years and older, and from whom valid body composition data from dual-energy X-ray absorptiometry (DXA) existed, a total of 852 individuals reported at least one major functional limitation related to mobility. A sample of 2321 men and 2403 women without functional limitations was used as controls for comparing cardiometabolic and activity characteristics.
Demographic and anthropometrics factors
Age, sex, and race/ethnicity were all assessed by self-report during the in-home interview. Age was used as both a continuous factor, as well as a categorical factor: (1) ≥20 years and b 40 years, (2) ≥40 years and b 60 years, (3) ≥60 years. Race/ethnicity was categorized as: (1) non-Hispanic white, (2) nonHispanic black, (3) Mexican American or other Hispanic, and (5) other. Annual household income was categorized as: (1) ≤$24,999, (2) $25,000-$54,999, and (3) ≥$55,000. Education was categorized as: (1) less than high school graduate, (2) high school graduate/general educational development (GED) or equivalent, and/or some college or Associate's degree (e.g., A.A. A.S.), and (3) college graduate or above.
Weight was measured using a digital Toledo scale (Mettler-Toledo International, Inc., Columbus, OH), and participants wore only underwear, gown and foam slippers. Height was measured using a fixed stadiometer. BMI was calculated as weight in kilograms divided by height in meters squared (kg/m 2 ), and standard categories were applied to determine if each participant was normal weight (18.5-24.9 kg/m 2 ), overweight (25-29.9 kg/m 2 ), or obese (≥30 kg/m 2 ). Waist circumference was measured to the nearest 0.1 cm at the level of the iliac crest. Standard cutpoints for abdominal obesity in men (N102 cm) and women (N88 cm) were used, as outlined by the Adult Treatment Panel (ATP) III report.
Body composition
The NHANES dual energy X-ray absorptiometry scans were administered using a Hologic QDR-4500A fan-beam densitometer with Hologic software (Hologic Corp., Bedford, MA). The ratio of tissue penetration of the X-ray scans was used to distinguish bone from soft tissue and the percent body fat (%BF) in the soft tissue once bone was excluded. Obesity was defined on the basis of sex-specific cutoffs for %BF, at a level (≥ 25% for men, and ≥ 35% for women) associated with significant increases with cardiometabolic risk, and most frequently used in the literature (Gomez-Ambrosi et al., 2012; Okorodudu et al., 2010; Romero-Corral et al., 2007 . Normal weight obesity (NWO) was defined as BMI ≤ 25 kg/m 2 , and %BF ≥ 25% for men or 35% for women, respectively.
Cardiometabolic parameters
Resting systolic and diastolic blood pressures were measured three to four times with a mercury sphygmomanometer by trained staff. Non-fasting serum measures of HDL-cholesterol and high sensitivity C-reactive protein (hsCRP) concentrations were measured. Additionally, fasting measures were obtained for triglycerides, plasma glucose, and insulin. The homeostasis model assessment (HOMA) was calculated according to the formula: [I 0 (μU/mL) × G 0 (mmol/L)]/22.5 (Matthews et al., 1985) . Insulin resistance was set at a HOMA score of ≥5.9, as recently determined and validated against hyperinsulinemiceuglycemic clamp by Tam et al. (2012) .
Metabolic syndrome (MetS) classification
Subjects were also classified with/without MetS, based on the recent harmonized definition (Alberti et al., 2009) . MetS reflected the presence of any three or more abnormal findings from the following: (1) abdominal obesity (≥102 cm for men; ≥88 cm for women), (2) elevated triglycerides (≥150 mg/dL [1.7 mmol/L]), (3) reduced HDL-cholesterol (b40 mg/dL [1.0 mmol/L] in men; b50 mg/dL [1.3 mmol/L] in women); (4) hypertension (≥130 mmHg systolic and/or ≥85 mmHg diastolic); and (5) elevated fasting glucose (≥100 mg/dL).
The NHANES physical functioning questionnaire (PFQ)
The PFQ was designed as a way of assessing level of disability, as reported as difficulty performing specific, everyday tasks. The questions chosen as most relevant for this research involved the ranking of difficulty in performing specific tasks of everyday living, and those that are most relevant to mobility and lower extremity functional capacity. Answers to the following questions were used as a general screen for more specific PFQ questions related to different domains of physical disabilities:
1. PFQ049: Does a physical, mental or emotional problem now keep you from working at a job or business? 2. PFQ054: Because of a health problem, do you have difficulty walking without using any special equipment? 3. PFQ057: Are you limited in any way because of difficulty remembering or because you experience periods of confusion? 4. PFQ059: Are you limited in any way in any activity because of a physical, mental or emotional problem?
If the participant answered "yes" to any of the previous questions, the following PFQ items were also incorporated to reflect specific factors pertaining to self-reported mobility, strength and dynamic balance. The six physical limitation questions chosen for use in these analyses include difficulty ratings with the following questions: "By yourself and without using any special equipment, how much difficulty do you have: (PFQ061B) walking for a quarter of a mile (that is about two or three blocks)?; (PFQ061C) walking up ten steps without resting?; (PFQ061D) stooping, crouching or kneeling?; (PFQ061E) lifting or carrying something as heavy as ten pounds (like a sack of potatoes or rice)?; (PFQ061H) walking from one room to another on the same level?; (PFQ061I) Standing up from an armless straight chair".
Participants were instructed to not report temporary conditions such as broken limbs or pregnancy. Response options for each task include: "no difficulty," "some difficulty," "much difficulty," "unable to do," "do not do this activity," "refused" and "don't know." Subjects were classified on the basis of functional disability, defined as any difficulty in a physical task, consistent with prior studies (Alexander et al., 2000; Hoeymans et al., 1996) . Moreover, in the event that subjects answered "yes" to question PFQ054 about difficulty walking without the use of special equipment, they were not asked to rate difficulty performing two of the functioning tasks: walking 1/4 mile, and walking up ten steps without resting.
Objective activity assessment
Habitual physical activity and sedentary behavior were assessed in NHANES with an accelerometer (Actigraph 7164; Actigraph, LLC, Fort Walton Beach, FL), which provided an objective estimate of the intensity of bodily movement. Lack of, or minimal movement (i.e. b100 counts per minute (cpm)) recorded by the accelerometer was used to derive the non-sleeping time spent in sedentary behavior, as previously documented (Maher et al., 2013) . The accelerometer was worn on the right hip during waking hours by participants for 7 days. In order to represent an individual's typical behavior in the assessment of activity, at least 4 days of monitoring with at least 10 h per day were necessary for inclusion. Accelerometer counts were used to classify all worn time as either sedentary (b 100 cpm), light activity (100-759 cpm), lifestyle moderate activity (760-2019 cpm), moderate physical activity (2020-5998 cpm), and/or vigorous physical activity (exercise, ≥5999 cpm). Total volumes of sedentary behavior and each activity category were summed from all time spent. However, since subjects wore the monitors for differing amounts of time, proportion of wear-time values were calculated for each subject to account for total number of minutes spent in SB and each activity category, relative to total time spent wearing the accelerometer.
Statistical analysis
All statistical analyses were conducted using SAS 9.3 (SAS Institute, Cary, NC). To obtain population-representative findings, analyses were conducted using sample weights for the combined 2003/2004 and 2005/2006 NHANES cycles which account for the complex survey design (including oversampling), survey nonresponse, and post-stratification. Descriptive characteristics were stratified by sex and function/mobility impairment status and are provided as means, standard errors, and percentages. Differences in these characteristics across function/mobility impairment status were tested using linear regression (proc surveyreg) and logistic regression (proc surveylogistic) for continuous (e.g., age, BMI, WC and glucose) and categorical variables (e.g., prevalence of NWO, abdominal obesity and insulin resistance) respectively, after creating appropriate categories and dummy coding for each. Moreover, adjusted regression analyses were performed to account for age and race/ethnicity. To assess the odds of the MetS in the adults with functional mobility impairments, separate weighted, adjusted logistic regression models (i.e., adjusted for sociodemographic factors such as BMI, age, education, race/ethnicity, and annual income) were performed. The effects of sedentary behavior and physical activity on MetS risk were assessed separately with adjusted models.
Analyses of receiver operating characteristic (ROC) curves were used to evaluate the overall performance of BMI as a continuous variable, as well as various specific BMI thresholds to detect obesity defined by %BF among subjects with functional mobility impairments. In conjunction with the ROC curves, individual two-by-two tables were constructed to assess the sensitivity, specificity, and positive/negative predictive values for each potential threshold. This was conducted to identify the best gender-specific BMI thresholds for detecting %BF-defined obesity.
Results
Cardiometabolic risk between adults with/without functional mobility impairments
Descriptive data are presented as weighted means, standard errors, and percentages across sexes and functional mobility impairment in Table 1 . Among adults without impairments, obesity according to BMI was prevalent in both men (29.4%) and women (35.1%), while the prevalence of obesity in the mobility impaired adults was significantly greater for men (36.2%) and women (43.1%) (p b 0.001). Moreover, adults with mobility impairments were older, had a greater prevalence of abdominal obesity, were more sedentary, had less physical activity, and had higher cardiometabolic risk profiles for nearly every outcome. After adjusting for age and race/ethnicity (two known correlates of cardiometabolic outcomes), %BF and WC were still significantly higher for both men and women with functional mobility impairments, but only prevalence of obesity per %BF and WC (i.e., abdominal obesity) were greater in men with functional mobility impairments. Insulin resistance (HOMA N 5.9), the MetS, and hsCRP were also significantly different between functionally unimpaired and impaired adults after adjusting for age and race/ethnicity. Although fasting glucose remained significantly different by impairment status after adjusting for age and race/ethnicity in both men and women, systolic and diastolic blood pressure remained significantly greater only among men with impairments. There were no differences in lean body mass among men or women with functional mobility impairment, as compared to unimpaired men and women (p N 0.05).
Obesity misclassification
For adults both with and without functional mobility impairment, obesity according to %BF was more prevalent (69-82%) than per BMI, and thus there was significant overall obesity misclassification. Contrary to the primary hypothesis, NWO prevalence was not significantly different between those with mobility functional impairment as compared to those who were functionally unimpaired (men: 7. 
ROC and sensitivity analyses for functional mobility impaired adults
For adults with functional mobility impairments, ROC curves and sensitivity analyses demonstrated that the standard BMI cutoff for obesity (BMI ≥ 30 kg/m 2 ) had excellent specificity in both men (100%) and women (98.4%), but very poor sensitivity (i.e. thus failed to classify many individuals with true obesity as such) in both men (47.0%) and women (52.5%). Fig. 1 and Table 2 reveal visual ROCs with AUC values, and sensitivity/specificity data for BMI thresholds ranging from 24 to 31 kg/m 2 , for men and women with impairments respectively. The optimal cutoff for BMI was 25 kg/m 2 for both sexes.
Objectively measured sedentary behavior and physical activity Men and women with functional mobility impairments spent on average 50 and 25 more minutes in sedentary behavior (p b 0.001), respectively, than men and women that were functionally unimpaired. The greatest discrepancies in activity were in lifestyle moderate activity and moderate-intensity physical activity combined, where functionally unimpaired men and women spent an average of 30 and 36 more minutes of activity (p b 0.05), respectively, than mobility impaired adults. Light and vigorous activity were less in functional mobility impaired men (p b 0.05), but no differences in these categories were found among women.
Predictors of the MetS
The prevalence of the MetS was 24.7% in men and 23.2% in women with functional mobility impairments. After adjustment for all model predictors and sex, only education (lowest versus highest: OR 3.91, 95% CI 1.45-10.55), obesity per %BF (OR 13.77, 95% CI 1.82-95.03), and sedentary behavior (for every 60-minute increase: OR 1.25, 95% CI 1.00-1.50) were independently associated with higher odds of MetS. Conversely, only lifestyle moderate activity (for every 60-minute increase: OR 1.93, 95% CI 1.18-3.16) was independently associated with lower odds of MetS. Moreover, individuals with high %BF who were misclassified as not obese according to BMI, had a significantly higher prevalence of the MetS (17.6%) compared to correctly classified subjects with normal BMI and low %BF (2.1%).
Discussion
This is one of the first studies to examine the extent of obesity misclassification and predictors of cardiometabolic risk among a U.S.
representative sample of adults with functional mobility impairments. Based on these findings there is significant discrepancy in the classification of obesity according to BMI versus %BF, and thus since BMI is readily used in clinical settings, many individuals with functional mobility impairments may go undetected for risk of chronic diseases. Whereas approximately 36% and 43% of men and women fell into the obese BMI category (a higher prevalence than in functionally unimpaired Denoted as group with higher risk. a Significant difference between functionally unimpaired and mobility impaired adults, within sex. Denoted as group with higher risk. b Significant difference between functionally unimpaired and mobility impaired adults, within sex, after adjusting for age and race/ethnicity. c Significant difference between sexes for functionally unimpaired adults. Denoted as group with higher risk. d Significant difference between sexes for adults with mobility impairment. participants), over 80% of men and women were obese according to %BF. As a result, approximately one-third of men and nearly 50% of the women who were normal weight according to BMI (18.5-24.9 kg/m 2 ) were actually obese according to %BF.
Although current BMI cutoffs had excellent specificity (i.e. accurately classified individuals who were not obese, as not obese), sensitivity was very poor. Therefore, many individuals with functional mobility impairments who are normal or overweight according to BMI may actually be at increased risk for cardiometabolic disease. A lower BMI cutoff for obesity in both men and women would effectively capture a greater proportion of at-risk individuals. While there are certainly potential psychosocial implications of labeling healthy individuals as overweight or obese, the risk-to-benefit ratio of altering the BMI to decrease false negative rates (i.e., a negative result obtained from individuals in whom obesity is actually present) is comparatively inconsequential.
However, and in contrast to our original hypothesis, the overall prevalence of NWO among adults with impairments was not greater than that of unimpaired individuals. Rather, BMI was actually significantly higher in both men and women with functional mobility impairments, with approximately 6% lower prevalence of "normal" BMI. One obvious limitation of this study that must be considered pertains to the method by which individuals were classified as functional mobility impaired. By using a self-reported physical function questionnaire, individuals did not report any specific diagnostic disability category, but rather the presence/absence of function or mobility restrictions. This and similar surveys have been readily used in the literature (Alley and Chang, 2007; Davison et al., 2002) , and are clinically relevant for identifying modifiable predictors of functional deterioration, especially among older adults. Thus, since we did not limit inclusion to older adults, it is quite plausible that many individuals were labeled as mobility impaired for reasons directly attributable to high body mass (i.e., as opposed to a chronic or congenital motor-related disability such as cerebral palsy or muscular dystrophy). Indeed, many tasks such as standing up from an armless chair or walking without special equipment are difficult for obese individuals, due to the inherent "handicap" of lifting/maneuvering greater dead-weight adipose tissue.
It is also possible that age may have confounded the results of greater cardiometabolic risk in the impaired adults, as advancing age is a robust predictor of the metabolic syndrome (Ford et al., 2010) , insulin resistance (Rowe et al., 1983) , weakness (Cruz-Jentoft et al., 2010; Pijnappels et al., 2008; Ruiz et al., 2008) , and mobility disability (Seeman et al., 2010) . When adjusted for age, however, there were still various primary differences between adults with and without impairments. Specifically, %BF and WC were still significantly higher among both men and women with functional mobility impairments, but prevalence of obesity per %BF and abdominal obesity (i.e., according to the sex-specific WC measures) were only greater in impaired men. Insulin resistance, the MetS, and hsCRP were also significantly greater among functional mobility impaired men and women after adjusting for age. Likewise, although fasting glucose remained significantly different by impairment status after adjusting for age in both men and women, systolic and diastolic blood pressure remained significantly greater only in men with functional mobility impairments. Thus, age is a strong mediating factor between functional mobility impairment and cardiometabolic risk in women, and future research should attempt to identify the sex-specific trajectories of cardiometabolic decline in persons at risk for both obesity and disability.
There is increasingly strong evidence to suggest that physical inactivity may underlie the cardiometabolic risk attributed to obesity and age-related functional decline (Amati et al., 2009) . It is thus possible that chronic sedentary behavior and diminished activity levels may be the primary drivers of MetS in functional mobility impairment, rather than the disproportionate prevalence of obesity per se. Our results indicate that mobility impaired individuals do spend a significantly greater volume of time in sedentary behavior, and less overall time in nearly every activity category. The largest differences for both men and women were seen in lifestyle moderate activity and moderateintensity physical activity. Thus, replacing some sedentary behavior with moderate activity may have profound health implications for adults at risk for obesity and functional mobility impairments. 
